Introduction
Heat shock protein 70 (Hsp70) is one of the most abundant members of the heat shock protein family, and is expressed when an organism is exposed to pathological or environmental stressors. Polymorphisms found in the 5' flanking region of the Hsp70 gene have been associated with decreased pregnancy rates, diminished semen quality and embryonic mortality in livestock.
Reproduction in cattle is influenced by a variety of sources, such as enzymes, hormones, and nutrient intake. A complex relationship exists among health status, quality and quantity of available nutrients, and reproductive performance of cattle. Calving rates may be improved through genetic manipulation or improved nutrition. Inadequate body condition (energy reserves) can cause a decrease in endocrine function which can lead to impaired fertility. Our objectives were to evaluate the promoter region of the bovine Hsp70 gene for polymorphisms, and determine the association between those polymorphisms and calving rates of Brahman-influenced cows.
Experimental Procedures
Description of Animals and Blood Collection. Crossbred Brahmaninfluenced cows (n = 99) were grazed on stockpiled and springgrowth, endophyte-infected tall fescue (Lolium arundinaceum (Schreb.) S.J. Darbyshire formerly known as Festuca arundinacea) pastures to the breeding season. Blood samples were collected from cows at 35 d before the breeding season. Plasma and buffy coats were harvested within 8 h of blood collection. Blood samples were maintained at 39.2°F until centrifuged (1,500 × g for 25 min). Plasma samples were stored at -4°F and buffy coats were stored at -112°F.
Polymerase Chain Reaction (PCR). A Peltier thermal cycler 100 (MJ Research, Waltham, Mass.) was used for amplification. The thermal cycler began with a denaturation temperature of 201°F for 2 min and then cycled at 201°F for 30 s, 131°F for 1 min and 154°F for 1 min. After cycling 35 times, a final extension occurred at 154°F for 10 min. Samples were held at 46°F until sequenced.
Primers. Two primers were designed for PCR amplification and sequencing (Invitrogen, Calsbad, Calif.) . Those primers were based on the National Center for Biotechnology Information (NCBI) sequence accession number M98823 of Bos taurus Hsp70. Primers HSPPro749F (GCCAGGAAACCAGAGACAGA) and HSP-Pro1268R (CCTACGCAGGAGTAGGTGGT) were used for amplification of a 539 base pair segment from positions 749 to 1288. DNA Sequencing. Sequencing was performed by the DNA Core Lab using the ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, Calif.). The primers used for sequencing were the Pro749F and Pro1268R primers. Sequences were analyzed and compared for sequence identity using the web-based software package ClustalW (European Bioinformatics Institute, Cambridge, UK).
Statistical Analysis. Calving percentage was analyzed by Chisquare. The effects of genotype were determined.
Results and Discussion
Identification of Polymorphisms. A 539-base pair (bp) segment of the bovine Hsp70 gene promoter region (GenBank accession number M98823 base positions 749 to 1288) was amplified and sequenced. Eight transitions, 2 transversions, and 1 deletion were identified ( Table 1 ). The single nucleotide polymorphisms (SNP) with a minor allele frequency of greater than 10% were selected for additional analyses. Those SNP were C895D, A1125C, G1128T, and T1204C.
Base Position 1125. A transversion from an adenine to cytosine (A to C) was detected at base 1125. Fifty-three cows were either heterozygous or homozygous with the minor allele ( Table 1 ). Cows that were homozygous cytosine (CC) had a lower (P < 0.05) calving
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rate when compared with heterozygous or homozygous adenine cows (49 vs. 78 and 72%, respectively; Fig. 1 ). Genotype at A1125C did not (P > 0.4) alter serum concentrations of Hsp70, or Julian date of calving (4.9, 3.8, and 4.3 ± 0.5 ng/mL; and 78, 78, and 74 ± 3.8 days; respectively for AA, AC, and CC).
Base Position 1128. A transversion from a guanine to thymine (G to T) was detected at base 1128. Fifty-one cows were either heterozygous or homozygous with the minor allele ( Table 1 ). Cows that were homozygous thymine (TT)had lower (P < 0.01) calving rates when compared with homozygous guanine (GG) cows; however, calving rates were not different between heterozygous (GT) cows and homozygous thymine or homozygous guanine cows (47, 65, and 77%, respectively for TT, GT, and GG; Fig. 1 ). Genotype at G1128T did not (P > 0.5) alter serum concentrations of Hsp70, or Julian date of calving (4.6, 4.3, and 4.4 ± 0.5 ng/mL; and 76, 82, and 75 ± 3.9 days; respectively for GG, GT, and TT).
Base Position 1204. A transition from a thymine to cytosine (T to C) was detected at base 1204. Fifty-six cows were either heterozygous or homozygous with the minor allele ( Table 1 ). Genotype at T1204C did not (P > 0.3) alter calving rate (65, 80, and 59%), serum concentrations of Hsp70 (4.8, 4.0, and 4.4 ± 0.6 ng/mL), or Julian date of calving (76, 82, and 75 ± 3.8 days; respectively for TT, TC, and CC).
Base Position 895. Deletion of a cytosine was detected at base 895. Thirty-seven cows were either heterozygous or homozygous for the deletion ( Table 1 ). Cows that were homozygous deletion (DD) had lower (P < 0.01) calving rates when compared with heterozygous or homozygous cytosine cows. In addition, heterozygous cows (CD) had lower calving rates than homozygous cytosine cows (8, 50, and 82%, respectively; Figure 2 ). Cows that were heterozygous at C895D had the largest (P < 0.05) serum concentrations of Hsp70. Julian date of calving was lowest (P < 0.05) for cows that were homozygous cytosine (Fig. 2) .
Hsp70 Promoter Haplotypes. Eighteen unique haplotypes were deduced from the 11 SNP sites ( Table 2 ). Cows that were heterozygous for any particular SNP were coded as containing the minor allele. Those haplotypes ranged from one to 32 observations. Composite haplotypes were created for subsequent analyses. Haplotype 6 had the same sequence as that published at GenBank; therefore, those cows (n = 32) with haplotype 6 were categorized as "No SNP". Seven haplotypes (no. 12-18) represented by 37 cows were categorized as "Deletion", the remaining 30 cows categorized as "Yes SNP" had some type of SNP other than the deletion.
Composite haplotypes were related to serum concentrations of Hsp70, calving rates, and Julian date of calving. Cows categorized as Deletion had higher (P < 0.05) serum concentrations of Hsp70 than cows categorized as Yes SNP; however, serum concentrations of Hsp70 were not (P > 0.5) different between Deletion and No SNP cows (5.1, 4.7, and 3.5 ± 0.5 ng/mL, respectively Deletion, No SNP, and Yes SNP). Cows with the deletion had the lowest (P < 0.001) calving rate, and the largest (P < 0.05) average Julian date for calving (Fig. 3) .
Heat shock protein 70 is induced in response to various stress conditions. However, serum concentrations of Hsp70 were not significantly associated to genotype, body condition or their interaction in this study. A possible explanation of this may be due to the handling of the animals at the time of blood collection. Cows in this study were exposed to low levels of stress, such as ease of handling, slight temperature changes and movement from the pasture to the chute; therefore, yielding constitutive amounts of Hsp70. Conversely, if cows were exposed to longer distances of travel, or were exposed to a drastic change in temperature or environment, one may speculate that serum concentrations of Hsp70 may be higher due to the induction of Hsp70 in response to these stressors.
Implications
Polymorphisms identified in the promoter region of the bovine heat shock protein 70 gene may be useful as genetic markers for selecting Brahman-influenced cows with a propensity for higher calving rates. More tests are needed to determine genotype by environment (toxic tall fescue, heat stress, body condition, etc.) interactions on cattle traits associated with profitability. Number of cows that were homozygous for the primary allele (Homo), heterozygous (hetero), and homozygous for the minor allele (homo). 
